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采用 SWATH-MS 模式的 LC-MS/MS 对三种培养条件下 B. licheniformis 
CGMCC2876 胞内差异蛋白质组进行分析。与 LB 培养条件下胞内蛋白质相比，
EPS 和 PGA 培养条件下，菌体胞内分别存在 190 和 151 个差异蛋白质。在 EPS




物与氨基酸缺乏之间的关联。当 B. licheniformis CGMCC2876 处于氨基酸饥饿状
况时，菌体通过调节胞内代谢途径合成多糖或 γ-PGA 作为碳源和氮源储备。 
当向 γ-PGA的培养基中加入 5 g·L-1或 10 g·L-1葡萄糖后导致絮凝剂中 γ-PGA
的含量分别下降了 31.54%和 61.62%，同时在添加 10 g/L 葡萄糖的发酵产物中多




CcpN 降低抑制甘油的利用切断菌体从甘油获得碳代谢流，进一步降低 γ-PGA 合
成的碳代谢流。此外，CcpA激活一系列与多糖代谢相关的操纵子（glm和epsA-O）









































































Extracellular polymeric substances are macromolecular polymers secreted by 
microorganisms under remarkable conditions. The chemical contents of extracellular 
polymeric substances are diverse, including polysaccharides, proteins and nucleic 
acids. In our previous study, Bacillus licheniformis CGMCC2876 was found to not 
only produces exopolysaccharides (EPS) in EPS culture with glucose and urea, but 
also secret poly-γ-glutamic acid (γ-PGA) in the γ-PGA medium with trisodium citrate, 
glycerol and sodium glutamate as the carbon and nitrogen sources. Recently, 
applications of extracellular polymeric substances have attracted many researchers’ 
attention, partiticularly with regard to bioflocculants. This thesis aims to illuminate 
the B. licheniformis CGMCC2876 secretion of extracellular polymer stress 
mechanism, and clarify the turnover mechanism between two extracellular polymers 
synthesis. 
In this research, SWATH acquisition LC-MS/MS method is adopted to analyze 
the differential proteomics of B. licheniformis and explore the stress mechanism in 
bacteria. Compared with LB culture, 190 differentially expressed proteins were 
identified in B. licheniformis CGMCC2876 cultivated in EPS-culture. In 
γ-PGA-culture 151 differentially expressed proteins were determined in the bacterial 
cells. The up-regulated proteins involved in amino acids biosynthesis accounted for 
50% and 41% of the proteomes in EPS and γ-PGA cultivated cells, respectively. 
Meanwhile, a series of proteins associated with amino acids degradation were found 
repressed at EPS and γ-PGA culture conditions. Free amino acids in the bacterial cells 
further suggested the amino acids starvation conditions. EPS or γ-PGA was 
synthesized to alleviate the effect of essential amino acids limitation in B. 
licheniformis. Under the condition of the lack of amino acids, B. licheniformis 
CGMCC2876 regulated intracellular metabolic pathways via the synthesis of 
polysaccharides or γ- PGA to store nitrogen and carbon source. 
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and 61.62% decrease of γ-PGA productions, respectively, while the composition of 
polysaccharides increased from 5.2% to 43.47% with 10 g/L glucose added. Through 
the analysis of SWATH acquisition LC-MS/MS method, a series of proteins which 
play close roles in γ-PGA and polysaccharide synthesis were idendifed. CcpA and 
CcpN were found to co-enhance glycolysis and suppress carbon flux into TCA cycle 
and consequently decelerate glutamic acid synthesis. On the other hand, CcpN cut off 
carbon flux from glycerol metabolism, further reducing γ-PGA production. 
Meanwhile, CcpA opened a series of operons (glm and epsA-O) to reallocate carbon 
flux to polysaccharide when glucose was present. γ-PGA production was influenced 
by NrgB, which converts the major nitrogen metabolic flux between NH4
+
 and 
glutamate. The regulatory mechanism of two macromolecules in B. licheniformis was 
proposed and the identification of the genetic information would facilitate the 
engineering of the bacteria for practicable strategies in the fermentation of γ-PGA and 
polysaccharide for diverse application fields. 
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